Birnessite is a lamellar manganese oxyhydroxide (phyllomanganate) whose layers are composed of MnO 6 octahedra. Non-stoichiometry arises from the coexistence of heterovalent Mn cations (Mn 3+ /Mn 4+ ) and/or vacant sites, and is compensated for by the presence of interlayer cations. Despite the low natural concentration of Mn, birnessite is ubiquitous in Nature and plays a pivotal role in geochemical reactions and especially in the fate of pollutants such as organics or heavy metals. Its high reactivity arises from its high surface area, its high cationic exchange capacity, combined with adsorption and redox properties. In addition to the presence of random stacking faults, the random interstratification of different layer types and the occurrence of well-defined stacking faults are commonly reported in layered minerals, such as phyllomanganates. The high proportion of such defects strongly reduces the efficiency of structure refinement methods, and one effective way to determine the actual structure of defective systems is the calculation of XRD patterns using the mathematical formalism described by Drits & Tchoubar [1] . In particular, this simulation technique allowed showing that layer symmetry depends on the origin of the layer charge deficit. The symmetry of birnessite layers containing vacant octahedra is hexagonal, whereas orthogonal layer symmetry is observed for varieties containing a high proportion (~1/3) of layer Mn 3+ cations. This distortion arises from the unique azimutal orientation of Mn 3+ octahedra which are distorted by the Jahn-Teller effect. In most natural phyllomanganates, and especially in those resulting from biological activity, the abundance of random stacking faults leads to the occurrence of nanocrystalline structures lacking three-dimensional ordering. Even for these turbostratic structures, XRD patterns exhibit noticeable modulations of the 20,11 and 31,02 bands (~2.45 and ~1.42 Å, respectively). These modulations can be used to provide relevant structural information, which includes not only unit-cell parameters but also atomic coordinates and occupancies of the different sites. This information is especially useful to improve our understanding of the interactions between natural phyllomanganates and environmentally important heavy metals. The usefulness of this approach will be illustrated with various synthetic and natural birnessite samples. 
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